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ABSTRACT 


This  study  was  designed  to: 

1.  Determine  population  stereotypes  or  "natural"  movements  involved 

in  the , operation  of  levers  designed  to  control  Elevation  and  Azimuth  movements. 

2.  Determine  in  which  plane  levers  should  be  placed  to  better  effect 
control;  i.e. ,  the  HORIZONTAL  or  the  VERTICAL  plane. 

One  hundred  twenty-eight  United  States  Army  enlisted  personnel  were 
tested  on  two  types  of  control  panels ,  one  VERTICAL  and  one  HORIZONTAL  with 
an  Azimuth  and  Elevation  control  on  each  control  panel. 

The  results  indicated  that  there  is  a  consistent  relationship  between 
RIGHT  and  LEFT  control  movements  and  RIGHT  and  LEFT  movements  of  a  display 
in  both  the  HORIZONTAL  and  VERTICAL  positions.  However,  the  major  finding 
was  that  there  is  no  such  consistency  or  "natural"  movement  or  population 
stereotype  with  vertically  positioned  lever  controls  which  move  FORWARD  and 
BACKWARD  when  these  controls  are  associated  with  an  UP  and  DOWN  display 
movement.  This  result  has  not  been  reported  in  past  research. 

The  HORIZONTAL  control  position  was  found  to  be  more  conducive  to 
better  performance  although  the  VERTICAL  control  position  was  preferred  by 
most  subjects. 

The  results  emphasize  findings  previously  reported  in  the  literature 
that  lever,  controls  should  move  in  a  direction  consistent  with  display 

movements^ 
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INVESTIGATION  OF  NATURAL  MOVEMENTS  IN  vAZIMUTH  AND  ELEVATION  LEVER 
CONTROL  ADJUSTMENTS  FOR  HORIZOKT/jfcAND  VERTICAL  POSITIONS 


INTRODUCTION  ,  < ... 

.  *  :«  *. 

The  problem  of  control  design  has  been  recognized  since  World  War  II. 
During  and  after  World  War  II, Research  in  the  area  of  control  design  was 
especially  stimulated  by  requests  for  data  from  engineers  and  designers  of 
military  equipment.  They  were  .concemed^vith  accuracy  and  speed  of  control 
operations  as  a  function  of  size,  shape  ahd  location  of  controls.  Most  of 
the  early  work:  was  exploratory  in  nature.  Later  work,  however,  developed 
into  a  more  refined,  controlled  search  by  psychologists  and  engineers  for 
relevant  data  and  specific  control  problems. 


Selection  of  the  proper  control  to  satisfy  the  requirements  of  a  par¬ 
ticular  job  is  of  great  importance  to  the  military  equipment  designer. 

It  is  the  desire  of  the  human  engineer  to  determine  the  specific  control- 
display  arrangements  which  are  most  efficient  in  terms  of  reducing  time 
and  error  factors.  The  major  concern  is  how  to  devise  a  control  display 
configuration  which  is  most  "natural"  for  the  operator. 


"Natural"  responses  are  those  parts  of  human  performance  which  are 
generally  considered  to  be  either  inherent  or  simply  stereotypic  of  a 
particular  population.  It  has  also  been  stated  that  "natural"  responses 
are  responses  which  people  have  been  trained  to  make  either  through  forma], 
training  or  through  other  exposure  within  their  environment.  The  ease  of 
learning  and  maintaining  a  particular  response  movement  depends  upon  the 
nature  of  the  control -display  relationship.  It  has  often  been  found  that 
there  are  "expected"  or  natural  specific  control  movements  which  should 
result  in  specific  display  movements.  The  one  basic  principle  that  can  be 
derived  from  the  literature  (2,6,9,10,11,20,21,22,23,28)  is  that  control 
and  display  should  move  In  the  same  direction  and  .should  be  in  the  same 
plane.  Operator  efficiency  and  ease  of  learning  would  thus  be  an  optimum 
in  terms  of  reducing  error  and  varying  time  factors. 

It  has  often  been  stated  (2,5,9,25,2 6)  that  stress  situations  may 
result  in  a  reversion  to  a  "natural"  response  pattern  which  may  be  oppo¬ 
site  to  a  response  pattern  that  is  established  as  a  result  of  training. 

The  main  problem  in  dealing  with  stress  is  the  difficulty  of  obtaining 
real  stress,:  under  simulated  conditions. 


Vince  ,(26)  attempted  to  create  a  stress  or  disturbing  situation  in 
the  laboratory  by  introducing  distracting  stimuli  while  subjects  were 
performing  discrete  up  and  down  movements  of  a  handle.  One  group  of 
subjects  was  trained  in  the  "expected"  or  natural  directional  relation¬ 
ship  between  display  signals  and  control  movements  and  the  other  group 
was  trained  in  the  ^unexpected."  One  conclusion  made  was  that  stress 
condjktijjons  will  upset  the  "-unexpected"  response  more  than  the  "expected" 
evemMmen  subjects  are  given  equal  training  to  the  same  criterion  of 
accuracy. 
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Andreas,  Green  and  Spragg  (l)  state  that  we  should  use  "natural  display- 
control  relationships  wherever  possible  in  the  design  of  equipment  instead 
of  the  "unnatural"  since  the  "natural"  relationship  is  mote  resistant  to 
interference  effects  than  the  "unnatural.''  Carter  and  Murray  (5)  point  out 
that  "if  the  display  and  response  required  are  very  simple  and  if  considerable 
time  is  allowed  for  responding,  the  display- control  relationships  may  not  be 
important,  but  if  the  display  or  response  required  is  complex  or  if  the  opera¬ 
tor  is  hurried,  the  display- control  relationships  are  of  extreme  importance." 
In  a  combat  situation  an  operator  may  be  considered  to  be  "hurried."  In  the 
absence  of  any  possible  inherent  naturalness,  specific  training  can  result 
in  the  learning  of  particular  responses  which  become  natural.  Training 
methods  should  be  intimately  linked  to  scientifically  predetermined  natural 
or  "expected"  patterns  so  as  to  form  a  strong  response  habit  which  will  be 
resistant  to  breakdown  under  stressful  situations. 

It  seems  apparent  that  even  for  general  situations  independent  of  stress, 
that  it  is  highly  desirable  for  equipment  designers  and  human  engineers  to 
determine  the  more  "natural"  or  the  "expected"  or  the  population  stereotype 
manipulation  of  a  control.  Chapanis  (6)  states  that,  "Psychologically,  cer-  ■ 
tain  directions  of  movements  are  natural.  At  least  they  go  along  with  other 
things  we  are  doing.  To  avoid  errors,  the  control  should  be  designed  to 
take  account  of  such  natural  bents  on  the  part  of  operators . " 

Humphries  (ll)  conducted  a  study  closely  related  to  the  interest  of  this 
investigation.  His  data  indicates  that  the  horizontal  position  of  controls 
for  elevation  and  azimuth  adjustments  is  better  in  terms  of  tracking  perform¬ 
ance  than  the  vertical  position.  His  results  also  indicate  that  where  the 
direction  of  movement  of  the  control  is  consistent  with  the  movement  of  the 
display,  performance  will  be  optimized. 

Past  research  has  mostly  been  concerned  with  knobs,  cranks,  dials,  and 
levers  on  tracking  tasks  or  matching  tasks  with  apparatus  such  as  the  Toronto 
;Oomplex  Coordinator  (11,12,24),  the  modified  Mashburn  Apparatus  (13,14),  the 
Turret  Pursuit  Apparatus  (13,15,16)  and  the  modified  Two-Hand  coordinator 
(13,17,18,23) .  The  display  used  in  this  study  was  different  than  any  used 
previously.  The  display  was  a  missile  model. (See  Figure  l)  The  purpose  of 
using  the  display  was  to  determine  the  type  of  natural  movements  which  exist 
in  regard  to  missile  control  operations  through  a  greater  degree  of  simula¬ 
tion  than  has  been  achieved  in  past  research. 

In  general  there  has  been  a  great  deal  of  work  done  on  control  design. 

The  need  now  exists  to  determine  particular  solutions  for  particular  prob¬ 
lems.  In  line  with  this  goal,  this  study  was  conducted: 

1.  'To  determine  tire  "natural"  movement  in  the  operation  of  Azimuth  (AZ) 
and  Elevation  (EL)  controls. 

2.  To  determine  the  optimum  control  position  HORIZONTAL  or  VERTICAL. 

For  purposes  of  this  experiment,  "natural"  movement  will  be  specifical¬ 
ly  defined  as  the  instantaneous  response  to  a  verbal  command  stimuAw  of 
UP,  DOWN,  RIGHT  or  LEFT. 
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Fig.  1.  Missile  Model 


METHOD 


Apparatus 

The  apparatus  consisted  of  a  missile  model,  2  control  panels,  each  8"  X 
15"  with  3"  long  lever  controls,  a  stop  clock  calibrated  in  hundredths  of  a 
second  to  measure  reaction  time,  a  relay,  and  a  table,  5*  long,  16"  wide,  and 
43"  high.  The  missile  model  was  supported  by  a  piyWt  post  atop  a  2-1/2  inch 
platform.  (See  Figure  l).  The  missile  was  moved  BIGHT,  LEFT,  UP  or  DOWN  with 
an  AZ  control  and  an  EL  control.  There  were  2  black  control  panels,  each 
having  an  AZ  control  and  an  EL  control »JkAlongside  each  control  lever  was  an 
arrow  indicating  the  2  way  direction  ofmovement  of  the  lever.  ... 

Subjects 

The  subjects  (ss )  were  128  U.  S.  Army  enlisted  personnel.  They  were 
students  and  instructors  at  the  Ordnance  School  Automotive  Branch,  at 
Aberdeen  Proving  Ground,  Maryland. 

Procedure 

The  S  stood  at  the  table  directly  in  line  with  the  control  panel  and 
the  missile.  The  missile  was  at  the  far  end  of  the  table  with  itB  longi¬ 
tudinal  axis  perpendicular  to  the  frontal  plane  of  the  S's  body.  (See 
Figure  2). 

The  two  control  panels  were  used  alternately  according  to  a  random 
ordered  block  of  32  presentations.  The  lever  controls  were  either  presented 
in  a  HORIZONTAL  or  a  VERTICAL  position.  One  control  panel  had  the  AZ  control 
on  the  right  and  the  EL  control  on  the  left.  The  other  had  the  AZ  control  on 
the  left  and  the  EL  control  on  the  right.  The  missile  model  was  pointed  for¬ 
ward  on  its  platform  and  the  control  panel  was  appropriately  placed  prior  to 
each  presentation. 

Instructions  to  the  Ss  sere  as  follows: 

"THIS  IS  A  STUDY  TO  FIND  OUT  CERTAIN  INFORMATION  ABOUT  NATURAL  MOVE¬ 
MENTS  RELATED  TO.  THE  USE  OF  LEVERS  ON  GUIDED  MISSILES.  YOUR  HELP  IN  THIS 
STUDY  WILL  ENABLE  US  TO  DESIGN  BETTER  EQUIPMENT  FOR  MISSILE  SYSTEMS. 

"I  WILL  GIVE  YOU  CERTAIN  INSTRUCTIONS  WHICH  YOU  SHOULD  RESPOND  TO 
AS  QUICKLY  AS  POSSIBLE.  THISp&  A  MODEL  OF  A  MISSILE  -  NO  PARTICULAR 
MISSILE  -  JUST  A  GENERAL  IDEA*#  A  MISSILE.  THIS  IS  THE  CONTROL  PANEL 
WHICH  WILL  BE  USED  TO  POSITIONJgHE  MISSILE  PRIOR  TO  LAUNCHING.  ONE  LEVER 
IS  USED  TO  MOVE  THE  MISSILE  UP'AlED  DOWN  AND  THE  OTHER  IS  USED  TO  MOVE  THE 
MISSILE  RIGHT  AND  LEFT.  THE  ARROWS  ON  THE  PANEL  ONLY  INDICATE  THE  DIREC¬ 
TION  THE  LEVER  MOVES. 

"PUT  YOUR  PREFERRED  HAND  ON  THE  TABLE  DIRECTLY  BETWEEN  THE  TWO 
LEVERS  ON  THE  CONTROL  PANEL.  LEAVE  YOUR  OTHER  HAND  AT  YOUR  SIDE.  I  AM 
GOING  TO  TELL  YOU  TO  POINT  THE  MISSII&jnTHER  RIGHT,  LEFT,  UP  OR  DOWN. 

NOW  REMEMBER  TO  RESPOND  AS  QUICKLY  AS  MBSIBLE  TO  THE  COMMAND  BY  MOVING 
THE  APPROPRIATE  LEVER. 
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Fig.  2.  Missile  Model,  Stop  Clock  and  Control  Panel  with  Controls  in  the  VERTICAL  position 


"ARE  YOU  READY  TO  PROCEED? 

"POINT  THE  MISSILE  . " 

Each  S  received  one  trial  with  the  AZ  control  and  one  with  the  EL 
control.  Both  trials  were  presented  with  the  control  panel  in  either  the 
VERTICAL  (Figure  3)  or  the  HORIZONTAL  (Figure  4)  position 4 

'  |L 

In  response  to  an  AZ  command  (RIGHT  or  LEFT)  tlje'^Ss  had  ajight  or 
left  choice  of  control  movement  available  to  them  Vh|dh  was  thepltame  in 
both  the  HORIZONTAL  and  VERTICAL  plane®.  However,  .vi|ih  the  EL  Variable,  the 
choices  were  different  in  the  HORIZONTAL  and  the  VERTICAL  planqi|4  In  the 
HORIZONTAL  position,  the  S  had  eitfci&an  UP  or  ei  jjWBt  choice  or  ^&itr^.  move¬ 
ment,  whereas  in  the  VERTICAL  pl*ne,  the  S  had  ^J^ftWARD  or  a  BACKWARD*  choice 
in  response  to  an  EL  command.  )$$!’  -  .>J|£ 

it 

The  S  was  instructed  to  point  the  missile  UP  or  DOWN  and  RlQHT  or  LEFT. 
Only  first  responses  were  analyzed.  Second  responses  were  obtained  to  give 
the  Ss  a  familiarity  with  both  AZ  and  EL  controls  in  order  to  enable  them  to 
more  reliably  establish  a  preference  for  either  the  HORIZONTAL  or  VERTICAL 
control  position. 

Responses  were  recorded  for  the  direction  of  movement  of  the  control 
and  for  the  speed  of  response  (latency).  The  latencies  were  taken  in  hun¬ 
dredths  of  a  second  as  measured  on  the  stop- clock. 

A  counterbalanced  order  and  randomized  presentation  of  trials  was  em¬ 
ployed.  Half  of  the  Ss  comprised  the  VERTICAL  group.  The  other  half 
comprised  the  HORIZONTAL  group.  Within  each  of  these  groups  half  the  Ss 
received  an  EL  command  first  and  the  other  half  received  an  AZ  command 
first . 

The  following  is  an  illustration  of  the  experimental  design: 


CONTROL 

POSITION 

Vertical 

Horizontal 

^  Azimuth 

32  Ss 

32  Ss 

64 

Elevation 

32  Ss 

32  Ss 

64 

o 

-a 

64 

128 

An  illustrative  presentation  for  two  Ss  is  as  follows: 

S  Trial  Control  position 

1  2 

SI  AZ  (RIGHT)  EL  (DOWN)  VERTICAL 

32  EL  (UP)  AZ  (UP)  HORIZONTAL 
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Fig.  3.  Subject  in  the  "Ready"  position  with  the  Control  Panel  in  the  VERTICAL  position 
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In  the  second  part  of  the  experiment ,  Ss  who  had  been  presented  with 
the  control  panel  in  the  VERTICAL  position  were  then  presented  with  the 
control  panel  in  the  HORIZONTAL  position.  The  Ss  who  were  first  presented 
with  the  HORIZONTAL  position  were  then  presented  with  the  control  panel  in 
the  VERTICAL  position.  An  S  would  be  given  the  same  two  command  stimuli  he 
had  received  in  the  first  part  of  the  study.  Responses  in  this  segment  were 
recorded  but  were  not  analyzed.  The  purpose  of  this  part  of  the  study  was 
to  allow  the  S  an  opportunity  to  try  both  the  HORIZONTAL  and  VERTICAL  con¬ 
trol  positions.  His  preference  was  reported  to  the  experimenter. 

RESULTS 

Both  frequency  and  latency  data  were  obtained.  Only  first  response 
measures  were  analyzed  for  reasons  previously  explained.  With  regard  to 
the  frequency  data,  the  VERTICAL  position  was  compared  with  the  HORIZONTAL 
only  on  the  AZ  variable .  The  comparison  of  the  HORIZONTAL  and  VERTICAL 
positions  was  not  made  on  the  EL  variable  since  it  was  not  possible  to 
make  comparisons  of  equal  factors .  A  RIGHT  movement  is  comparable  and  equiva¬ 
lent  to  a  RIGHT  movement  in  both  the  HORIZONTAL  and  VERTICAL  planes  and  a 
LEFT  movement  is  also  comparable  and  equivalent  to  a  LEFT  movement  in  both 
planes.  However,  for  purposes  of  satistical  analysis,  an  UP  movement  in  the 
HORIZONTAL  position  is  not  directly  comparable  to  either  a  FORWARD  or  a 
BACKWARD  movement  in  the  VERTICAL  position.  Similarly  a  DOWN  movement  was 
not  comparable  to  either  the  FORWARD  or  BACKWARD  movement  id  the  VERTICAL 
plane . 

It  is  sometimes  assumed  intuitively  that  a  BACKWARD  movement  of  a 
lever  control  is  related  to  an  UP  movement'  of  a  display  and  a  FORWARD 
movement  of  the  control  is  related  to  a  DOWN  movement  of  a  display.  Since 
the  purpose  of  this  investigation  was  to  determine  Just  what  the  natural 
movement  is,  such  an  assumption  could  not  be  made. 

Fisher's  Exact  Probability  technique  was  used  to  analyze  the  frequency 
data  of  the  EL  variable.  It  was  found  that  there  was  no  significant 
difference  between  the  HORIZONTAL  and  VERTICAL  positions  when  the  command 
stimulus  "Point  the  missile  RIGHT"  was  presented.  (See  Table  l). 

TABLE  1.  FISHER’s  EXACT  PROBABILITY  (P  VALUES)  of  DIFFERENCES 

BETWEEN  HORIZONTAL  AND  VERTICAL  CONTROL  POSITIONS  ON  THE 
AZIMUTH  VARIABLE  FOR  RIGHT  AND  LEFT  COMMAND  STIMULI. 

P  VALUE  COMMAND 

.2419  RIGHT 

.7000  LEFT 

Of  1 6  Ss  in  the  HORIZONTAL  group  given  the  command  stimulus  RIGHT, 
l4  moved  the  control  RIGHT  and  2  moved  the  control  LEFT.  (See  Table  2) 
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TABLE  2.  FREQUENCY  DATA  OF  DIRECTION  OF  MOVEMENT  RESPONSES  FOR  VERTICAL 
AND  HORIZONTAL  CONTROL  POSITION  ON  THE  ELEVATION  VARIABLE 


STIMULUS  COMMAND 


Pn 


LEFT 


VERTICAL  HORIZONTAL 


RIGHT 

2 

2 

4 

LEFT 

Ik 

Ik 

28 

1 6 

16 

32 

STIMULUS  COMMAND 

RIGHT 

VERTICAL 

HORIZONTAL 

RIGHT 

16 

Ik 

30 

LEFT 

0 

2 

2 

l6 

16 

32 

In  the  VERTICAL  group  all  l6  Ss  moved  RIGHT  in  response  to  the  RIGHT 
command.  There  was  also  no  significant  difference  between  the  HORIZONTAL 
and  VERTICAL  positions  when  the  command  stimulus  LEFT  was  presented.  Of  l6 
Ss  in  the  HORIZONTAL  group,  14  moved  LEFT  and  2  moved  RIGHT.  Of  l6  Ss  in  the 
VERTICAL  group,  14  moved  LEFT  and  2  moved  RIGHT.  These  results  indicate  that 
in  both  the  HORIZONTAL  and  VERTICAL  control  positions,  the  natural  response 
consistent  with  a  display  movement  to  the  RIGHT  is  a  control  movement  to  the 
RIGHT  and  the  natural  response  consistent  with  a  display  movement  to  the  LEFT 
is  a  control  movement  to  the  LEFT. 

Some  apparently  unusual  results  were  obtained  concerning  the  EL  variable. 
In  response  to  an  UP  command  in  the  HORIZONTAL  plane,  14  Ss  moved  the  control 
UP  and  2  Ss  moved  DOWN.  In  the  VERTICAL  plane,  14  Ss  moved  BACKWARD  in  res¬ 
ponse  to  the  UP  stimulus  command  and  2  Ss  moved  FORWARD.  In  response  to  a 
DOWN  stimulus  in  the  HORIZONTAL  plane,  13  Ss  moved  the  control  lever  DOWN  and 
3  moved  it  UP.  However,  in  the  VERTICAL  position,  11  Ss  moved  the  control 
BACKWARD  in  response  to  the  DOWN  stimulus  and  5  Ss  moved  it  FORWARD. 

Prior  to  performing  analyses  of  variance  of  the  latency  data,  a 
Bartlett's  test  for  homogeneity  of  variance  (j)  was  performed  on  both  the  AZ 
and  EL  variables.  The  tests  revealed  heterogeneous  variances.  Inspection  of 
the  data  on  the  EL  variable  pointed  out  that  two  scores  out  of  the  total  n  of 
sixty-four  were  so  extreme  as  to  distort  the  mean  values  and  consequently  the 
variances.  The  individual  differences  of  these  two  scores,  Subject  14  in  the 
HORIZONTAL-DOWN  group  and  Subject  10  in  the  VERTICAL-DOWN  group  were  responsi¬ 
ble  for  the  heterogeneity  of  within-group  variances.  These  two  scores  were 
eliminated  from  the  data  as  were  the  two  most  extreme  scores  in  each  of  the 
other  two  groups.  They  were  the  scores  for  Subject  14  in  the  HORIZONTAL-UP 
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group  and  Subject  5  in  the  VERTICAL-UP  group.  Another  Bartlett's  test  was 
then  performed  with  the  four  extreme  scores  removed  and  the  result  was  that 
the  variances  were  now  homogeneous.  A  2x2  factorial  analysis  of  variance  (7) 
of  the  EL  variable  revealed  that  there  was  no  significant  difference  between 
the  control  positions.  (See  Table  3) 

TABLE  3.  SUMMARY  OP  2x2  FACTORIAL  ANALYSIS  OF  VARIANCE  OF  RESPONSE  LATENCIES 
COMPARING  CONTROL  POSITIONS  ON  THE  ELEVATION  VARIABLE 


SOURCE  OF  VARIATION 

SS 

d.f . 

MEAN 

SQUARE 

F 

P 

Between  Control  PDsitions 
( HORIZONTAL- VERTICAL ) 

.03 

1 

.03 

.08 

7.05 

Between  Direction  of  Movement 
(UP-DOWN) 

•19 

1 

•19 

•  50 

7.05 

HORIZONTAL-VERTICAL  x  UP-DOWN 

.21 

1 

.21 

•55 

7-05 

WITHIN 

75.87 

60 

1.26 

TOTAL 

78.24 

63 

The  .05  level  of  confidence  was  used  as  the  level  of  significance. 

The  Bartlett's  test  of  the  AZ  variable  revealed  heterogeneity  of  vari¬ 
ance  even  with  the  extreme  scores  removed.  (See  Table  4) 

TABLE  4.  SUMMARY  OF  BARTLETT'S  TEST  FOR  HOMOGENEITY  OF  VARIANCE  ON  EL  AND 
AZ  VARIABLES  WITH  THE  EXTREME  HIGH  SCORE  IN  EACH  GROUP  REMOVED 


2 

X2 

X 

Corrected 

P 

AZ 

14.16 

13.13 

-Ol 

EL 

5.91 

.05 

Transformation  of  the  data  was  deemed  unwarranted  and  fruitless.  It  was 
invalid  to  perform  an  analysis  of  variance  due  to  the  heterogeneity  of  var¬ 
iance.  It  was  felt  that  no  true  difference  exists  between  the  HORIZONTAL  and 
VERTICAL  control  positions  due  to  the  fact  that  the  major  portion  of  the 
variation  could  be  ascribed  to  individual  differences  which  are  the  main  compo¬ 
nent  of  the  within-group  or  error  term  of  the  analysis  of  variance. 

Qualitative  data  obtained  through  direct  inquiry  at  the  end  of  the  experi¬ 
ment  revealed  that  6l$  or  79  Ss  out  of  the  128  preferred  the  VERTICAL  control 
position,  while  47  or  3 8$  preferred  the  HORIZONTAL  position. 
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DISCUSSION 

Analysis  of  the  data  generally  indicated  that  there  were  no  essential 
differences  between  the  HORIZONTAL  and  VERTICAL  positions  on  both  the  EL  and 
AZ  variables  in  terms  of  either  frequency  or  speed  of  response.  However, 
examination  of  the  data  reveals  some  important  information  pertinent  to  con¬ 
trol  design. 

In  agreement  with  previous  research  (2,6,9,10,11,20,21,22,23,28)  it  was 
found  with  reference  to  the  AZ  variable  that  the  direction  of  control  move¬ 
ment  was  consistent  with  the  display  movement  (a  RIGHT  response  to  a  RIGHT 
command  and  a  LEFT  response  to  a  LEFT  command).  Apparently  this  is  the 
natural  response  pattern  or  population  stereotype. 

.1 

It  was  also  noted  that  in  the  HORIZONTAL  position  for  the  EL  variable, 
the  direction  of  movement  of  the  control  was  consistent  with  the  direction 
of  movement  of  the  display.  An  UP  command  resulted  in  an  UP  control  move¬ 
ment  and  a  DOWN  command  resulted  in  a  DOWN  control  movement.  No  population 
stereotype  was  found  for  the  EL  variable  in  the  VERTICAL  position.  The 
data  indicates  that  the  response  for  an  UP  command  is  a  BACKWARD  movement. 
However,  a  BACKWARD  movement  was  also  the  response  for  a  DOWN  command.  Thus, 
the  BACKWARD  movement  was  found  to  be  the  response  to  both  an  UP  and  a  DOWN 
command  stimulus  in  the  VERTICAL  position. 

In  light  of  the  lack  of  emergence  of  a  population  stereotype  response 
pattern  for  the  VERTICAL  position  on  the  EL  variable,  it  might  be  considered 
surprising  to  find  that  the  Ss  preferred  the  VERTICAL  control  position  as 
opposed  to  the  HORIZONTAL  control  position.  Humphries  (ll)  found  that  per- 
foiroance  was  better  in  the  HORIZONTAL  position  as  compared  with  performance 
in  the  VERTICAL  position.  It  appears  evident  that  there  is  a  difference 
between  what  an  operator  considers  best  and  what  his  performance  indicates 
in  terms  of  control  positioning. 

Based  on  the  data,  it  can  be  concluded  that  the  HORIZONTAL  position 
is  best  for  EL  adjustments  if  the  movement  of  the  control  is  in  the  same 
direction  as  that  of  the  resulting  display  movement. 

The  HORIZONTAL  and  VERTICAL  positions  for  lever  controls  are  equally 
adequate  for  AZ  adjustments  as  long  as  the  axes  and  movements  of  the  control 
and  the  display  are  in  the  same  direction. 

It  is  recommended  that  EL  control  levers  be  designed  to  be  placed  ir^ 
the  HORIZONTAL  position  for  missile  adjustments.  Secondly,  in  the  event 
that  one  control  lever  is  used  for  both  AZ  and  EL  adjustments,  it  would 
be  best  if  this  control  were  placed  in  the  HORIZONTAL  position. 

Intuitive  guesses  as  to  what  particular  control-display  arrangement 
is  best,  are  not  sufficient.  This  has  been  pointed  out  in  this  study. 

There  are  those  who  believe  that  there  is  a  clear-cut  relationship  be¬ 
tween  a  display  movement  UP  or  DOWN  and  a  control  movement  FORWARD  or  BACK¬ 
WARD.  Those  people  assume  that  the  aircraft  joystick  system  of  pulling 
BACKWARD  will  result  in  a  display  movement  UP  and  moving  FORWARD  will 
result  in  a  display  movement  DOWN.  However,  in  an  aircraft  the  pilot  also 
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moves  and  becomes  integrated  with  the  entire  dynamics  of  the  situation.  In 
orienting  a  missile  prior  to  launch  the  operator  usually  does  not  move.  In 
work  utilizing  the  Toronto  Complex  Coordinator  (11,12,24),  the  "expected" 
or  "standard"  control-display  arrangement  required  the  operator  to  move  the 
control  stick  FORWARD,  or  away  from  himself,  to  make  a  green  light  move  up 
the  display,  and  BACKWARD,  or  toward  himself,  to  make  the  green  light  move 
down  the  display.  Bilodeau  (3)  used  a  forward  pointing  control  lever  and 
reported  that  when  the  topmost  series  of  lights  on  a  vertical  panel  was  lit, 
72  per  cent  of  the  Ss  expected  a  DOWN  movement  of  the  light  when  the  lever 
was  pulled.  Brown,  Wieben  and  Norris  (4)  reported  that  reaction  time  -for 
primary  movements  is  slower  on  lever  operations  that  require  TOWARD  and  AWAY 
from  movements  than  on  RIGHT  and  LEFT  movements. 

It  was  stated  by  McFarland  (19),  in  dealing  with  direction  of  movement 
controls,  that  "When  discrete  responses  are  required,  fewer  errors  occur 
when  the  movement  of  a  control  lever  produces  a  movement  in  the  'expected ' 
direction;  i.e.,  when  an  upward  movement  of  the  control  produces  an  upward 
movement  of  the  display.  On  other  display- control  relationships,  a  forward 
movement  of  the  control  to  move-  the  display  UP  with  a  backward  movement  to 
move  the  display  DOWN,  was  found  to  be  the  second  best  relationship." 

Vince  and  Mitchell  (27)  report  this  same  conclusion. 

Research  has  clearly  shown  that  some  control-display  relationships 
will  lead  to  different  "expectations"  for  different  operators  and  even  for 
one  operator  on  successive  occasions.  In  conclusion,  it  is  therefore 
imperative,  especially  from  a  military  viewpoint,  to  search  for  the  "natural" 
response  of  a  specific  control  design  problem.  The  determination  of  a 
"natural"  response  tendency  will  therefore  facilitate  training.  The  end 
product  of  this  type  of  approach  for  tactical  purposes  will  be  a  more  effi¬ 
cient  man-machine  system. 

SUMMARY 

The  present  study  was  undertaken: 

1.  To  determine  the  "natural"  movement  in  the  operation  of  Azimuth 
(AZ)  and  elevation  (EL)  controls. 

2.  To  determine  the  better  control  position,  HORIZONTAL  or  VERTICAL. 

Natural  movement  was  operationally  defined  as  an  instantaneous  or 
initial  response  to  a  directional  command  stimulus,  RIGHT,  LEFT,  UP  or 
DOWN.  An  objective  of  the  study  was  to  determine  the  natural  movements  on 
missile  control  operations  through  a  greater  degree  of  display  simulation 
than  there  has  been  heretofore. 

One  hundred  twenty-eight  U.  S.  Army  personnel  were  used  as  subjects 
(Ss).  Each  S  received  an  AZ  and  EL  stimulus  command.  Their  task  was  to 
move  the  control  leyer  appropriately  in  order  to  move  the  missile  model 
in  AZ  or  EL.  Frequency  and  latency  data  were  obtained.  Half  the  Ss 
comprised  the  VERTICAL  group  and  half  the  HORIZONTAL  group.  Within  each 
of  these  groups,  half  the  Ss  received  an  EL  command  first  and  the  other 
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half  received  an  AZ  command  first.  Only  first  responses  were  analyzed.  In 
the  second  part  of  the  experiment  the  Ss  who  were  presented  with  the  control 
panel  in  the  HORIZONTAL  position  were  then  presented  the  VERTICAL  position. 
Those  who  were  originally  presented  with  the  control  panel  in  the  VERTICAL 
position  were  then  presented  the  HORIZONTAL  position.  This  section  of  the 
experiment  served  to  enable  the  Ss  to  determine  which  control  position  they 
prefer.  :  . 

The  major  result  of  the  study  was  that  thtt*%-  was  no  "natural"  or  popula¬ 
tion  stereotype  found  for  EL  adjustments  in  the  VERTICAL  position.  A  BACK¬ 
WARD  movement  was  found  to  be  the  response  to  both  a  VERTICAL  and  a  DOWN 
command  stimulus  in  the  VERTICAL  control  position.  Another  result  was  that 
although  the  VERTICAL  position  was  preferred  by  the  Ss,  the  HORIZONTAL 
position  is  more  conducive  to  better  performance.  Another  result  that  sup¬ 
ported  past  research  indicated  that  lever  controls  should  move  in  a  direction 
that  is  consistent  with  the  movement  of  a  display. 

It  was  found  that  for  AZ  adjustment  the  HORIZONTAL  and  VERTICAL  posi¬ 
tions  are  equally  adequate  as  long  as  the  axes  and  movements  of  the  control 
and  display  are' in  the  same  direction. 

It  was  recommended  that  EL  control  levers  be  placed  in  the  HORIZONTAL 
position  for  missile  operation  adjustments.  If  one  control  lever  is  to  be 
used  for  both  AZ  and  EL  adjustments,  it  is  recommended  that  this  should 
also  be  in  the  HORIZONTAL  position. 
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RESPONSES  RESPONSES 


APPENDIX  A.  FREQUENCY  DATA  ON  ELEVATION  VARIABLE 
STIMULUS  COMMAND 
UP 

VERTICAL  HORIZONTAL 


AWAY 

2 

l4 

16 

TOWARD 

14 

2  , 

16 

16 

1 6 

32 

STIMULUS  COMMAND 
DOWN 


VERTICAL  HORIZONTAL 


AWAY 

5 

3 

8 

TOWARD 

11 

1  13 

24 

16 

16 

32 

19 


APPENDIX  B.  FIRST  RESPONSE  LATENCY  DATA  FOR  AZIMUTH  VARIABLE 


HORIZONTAL 

VERTICAL 

COMMAND 

COMMAND 

abject 

Right 

Left 

Right 

Left 

1 

1.00 

•  25 

•55 

.58 

2 

1.00 

.65 

•  70 

•72 

3 

1.00 

VO 

00 

.48 

•  50 

4 

.64 

.62 

.60 

•  95 

5 

.88 

.20 

.67 

•  50 

6 

•  70 

.87 

.48 

.85 

7 

.87 

.78 

•  32 

4.48 

8 

.90 

.20 

.68 

1.10 

9 

1.02 

2.00 

.60 

•97 

10 

.66 

vn 

a> 

•  74 

1.00 

11 

.42 

.60 

2.20 

.82 

12 

.80 

1.10 

•  75 

.80 

13 

.90 

1.10 

1.42 

.87 

14 

1.40 

1.10 

•35 

1.20 

15 

•92 

2.20 

.98 

.80 

l6 

1.03 

.85 

1.50 

.40 

EX 

14.14 

14.08 

13.02 

16.54 

EX2 

13.21 

17.16 

14.29 

30.51 

21 


APPENDIX  C.  FIRST-RESPONSE  LATENCY  DATA  FOR  ELEVATION  VARIABLE 


HORIZONTAL 

VERTICAL 

COMMAND 

COMMAND 

Subject 

Up 

Down 

up 

Down 

1 

.25 

.50 

•  75 

•  52 

2 

•  78 

•85 

.60 

•  52 

3 

•38 

•35 

.22 

.60 

4 

.50 

2.50 

•97 

.68 

5 

1.25 

•  54 

2.00 

•  70 

6 

.40 

.50 

.47 

1.10 

7 

.62 

.80 

1.10 

.68 

8 

.80 

•76 

•  52 

•  70 

9 

1.20 

1.80 

•97 

i.4o 

10 

1.00 

•  55 

1.10 

4.00 

11 

•  34 

.68 

.74 

.98 

12 

1.30 

.43 

1.28 

l.oo 

13 

1.20 

•  75 

1.12 

l.oo 

14 

2.00 

8.50 

1.30 

.80 

15 

.87 

•97 

•98 

1.60 

1 6 

1.10 

1.20 

•35 

1.50 

EX 

13.99 

21.68 

14.47 

17.78 

EX2 

15.46 

88.49 
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